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ABSTRACT

The maj or aspects of thermal energy storage system sel ecti on and
design for commercial cooling installations are discussed and
studied. Although primarily directed towards secondary cool ant,
i ce based, phase change storage equi pnent, the discussions are
general ly applicable to cooling storage systens of other types.
Particul ar enphasis is placed on the effects that decisions in
one area of design will have on others.

| NTRODUCTI ON

Once the peak cooling |oad and distribution tenperatures are
specified in a conventional design, the remnaining decisions
regardi ng equi prent sel ection, arrangenent and control of the
cooling plant are reasonably unconplicated. Wen therm
storage is introduced, however, additional considerations nust
usual |y be addressed. Although these additional considerations
are no nore conplex than any others in the HVAC design process,
it is usually inpossible to approach any of themindependently,
as changes in one area invariably affect the decisions nmade in
others. For instance, if the chiller is |ocated downstream of
storage, rather than upstream its cooling capacity nay be
reduced while total storage capacity nmay be increased, requiring
a recalculation for both. Additionally, the nethod of control
may have to be adjusted in order to fully exploit the economc
benefits of the applicable rate structure. Also, decisions
regarding the practical range of supply and return tenperatures
may be expanded or reduced, influencing the consideration of

ot her heat exchange devi ces.

FULL STORAGE

Most of the conplications surrounding the selection and design
of thermal storage systens are related to nmultiple chiller
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operating conditions and the proper assignnment of cooling | oad
to either the storage systemor the chiller. These issues do
not inpact full storage systenms. The chiller operates only in
an i ce-nmaking node and its operating conditions are as easily
defined as in any conventional system During the cooling
period, the storage systemis the only active conponent and
proper control is greatly sinplified. Moreover, the system
conponents are generally conpatible with standard flow rates and
tenperature differentials. There may be other considerations
such as a

concurrent cooling |load during the ice-making period, or proper
interface with a chilled water systemthrough a heat exchanger,
but these topics can be conpletely addressed within the context
of partial storage systens.

The nost inportant feature of full storage systens is the inpact
on the size and cost of the individual conponents. As wll be
denonstrated in the selection procedures, a full storage
approach can easily nore than double both the required chiller
and storage capacities over what would be required for a partial
storage system Unless the electrical rate structure severely
penal i zes peaking demand, initial costs can be difficult to
justify w thout sone type of incentive program Partial storage,
on the other hand, is typically installed at costs equivalent to
conventi onal systens.

O herwi se, full storage can be considered as a sinpler subset of
partial storage design and our focus will be directed toward the
partial storage approach, with reference to full storage issues

as appropri ate.

PARTI AL STORAGE EQUI PMENT SELECTI ON
M Nl MUM CHI LLER SELECTI ON

In a conventional system the chiller capacity is generally
dictated by the peak cooling | oad of the building, with

adj ustments nmade on the basis of preferences regarding
redundancy, chiller type and safety margins. For therma
storage systens, the chiller capacity is dependent on the total
daily integrated cooling | oad, rather than the peak cooling

| oad. And, because the designer can choose what portion of the
cooling load wll be shifted to off-peak operation, only a
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m ni mum si zed chiller is defined by the cooling requirenents.
The designer is free to increase chiller capacities above this
val ue. The anmount of required storage can be reduced by
operating nore chiller kW(tons) during the day, or on-peak
demand can be further reduced by increasing the anount of
storage, with decreased chiller contribution during the day.

Since the chiller size no |onger depends on the peak cooling

| oad, sone other relationship is needed to establish the
required capacity. Since all of the cooling nust originate with
the chiller, whether eventually delivered directly by the
chiller or through storage, we can sinply equate the total
chiller contribution to the integrated daily cooling |oad. Qur
exanple will be based on the design day |oad profile depicted in
figure 1. By using a peak load of 1 kW the resulting chiller
capacities can be interpreted as a percentage of peak |load. This
sinplifies the estimation of potential demand savi ngs and

rel ati ve storage sizing.
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FIGURE 1 - DESI GN DAY LCAD PROFI LE

The required chiller capacity is unknown at this point, but the
capacities, relative to sonme standard condition, can easily be
identified for each tinme period. The chiller actually may

operate over a range of condenser and evaporator conditions but
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these are generally reduced to only two conditions, ice-naking
and direct cooling. |If additional accuracy is desired, the
desi gner needs only to increase the nunber of ternms, each with
its own relative chiller capacity.

Total kWhrs = (Chiller KW~ Icecap.” Icehrs) + (Chiller KW~ Daycap.” Dayhrs)

Chiller kW = _ TotalkWhrs Eq 1
(Icecap.” Icehrs) + (Daycap.” Dayhrs)
Chiller kW = o> KIS
(65" 14)+ (1 10) hrs
Chiller KW =.445kW (Al kW arethermal)

In the exanpl e we have chosen the day-tinme chiller capacity (Day
cap) as 1 (100% and the night-tinme, ice-making capacity (lce
cap), as .65 (65%. |In other words, we expect a 100 kWchiller
to provide 100 kWduring the day and 65 kWin the ice-naking
node. Note that this is a capacity reduction and not an

ef ficiency reduction. Depending on the type of equipnent and the
anbi ent tenperature drop at night, ice-making efficiencies can
equal or exceed those avail able during the day. These capacity
fractions are then nultiplied by the nunber of hours at each
condition. A sinple rearrangenent of the terns will provide the
chiller capacity directly, keeping in mnd that this is the

m ni mum si zed chiller for the conditions eval uated.

Exam nation of the formulas reveals the aspects of parti al
storage systens that mnimze first cost and nmake it conpetitive
wi th conventional systems. First, the chiller is fully | oaded

t hroughout the cooling period. Even on a deign day,

conventional systemchillers are rarely | oaded to maxi mum
capacity. Second, the addition of an ice-making period, even at
reduced capacity, substantially increases the available chiller
capacity. It is not unusual to have 18 or 19 full |oad

equi val ent chiller operating hours. Al so, because the chiller
is fully | oaded throughout the cooling period, only the variable
peak | oads nust be served from storage.



If we consider for a nonent the requirenents for a full storage
analysis, it is readily seen that the daytinme contribution of
the chiller beconmes zero (0) and the entire cooling | oad nust be
provided by a chiller operating at reduced capacity in a nore
l[imted period of tinme. A recalculation, without a daytine
chiller contribution (Day hrs=0), results in a chiller of .934
kWt hat approaches the original conventional chiller size and
can easily exceed that value in sone cases. The storage
capacity, as denonstrated in the next section, will also be
dramatically increased. Certainly the on-peak denmand is
substantially decreased for full storage, but |acking incentives
of sone type, the tine to recover the initial investnent often
exceeds acceptable [imts.

STORAGE SELECTI ON ( KWHRS ( TON- HOURS))

The required storage capacity, in kWirs (ton-hrs), is sinply
equal to the ice-nmaking capacity of the above described chiller
and, for the mninmumsized chiller, wll also be equal to that
part of the cooling | oad not served directly by the chiller
during the day.

SoragekWhrs=Chiller KW~ Icecap” Icehrs Eq 2

SoragekWhrs =Total kWhrs - (Chiller KW~ Daycap” Dayhrs) Eq 3

If, for some reason, a chiller larger than the mnimmis
chosen, the designer has the option of using the increased
capacity to build nore ice, thereby allow ng a reduced chiller
contribution during the day. The storage kWirs (ton-hrs) can
increase to as much as the ice-nmaking chiller can produce in the
available tinme (Eq. 2).

Al ternatively, the larger chiller can be used to reduce the
requi red storage capacity. The needed ton-hrs are equal to the
total on-peak cooling load, less the larger chiller contribution
(Eq 3). As the chiller grows beyond the mninmum the difference
bet ween the m ni num anount of storage needed, and the maxi mum

5



that can be used, diverges. Increasing chiller size while
decreasi ng storage capacity has practical limts. As the
storage capacity decreases, its ability to absorb all of the
chiller output is reduced, driving down the chiller operating
tenperatures to inefficient and perhaps dangerous |evels.

Unl oading of the chiller is often not an option for several
reasons. Centrifugal chillers will be forced closer to their
surge limts and the refrigerant netering devices of positive
di spl acenent machi nes can becone nore unstable with reduced
refrigerant flow at ice-making conditions. Were limtations on
i ce-maki ng capacity are desired, multiple chillers are often
recommended. In any case, manufacturers should be contacted if
chiller unloading in the ice-nmaking node is contenpl at ed.

The affect of larger alternate chiller sizes can be seen in
Tabl e 1.

TABLE 1 STORAGE REQUI REMENTS FOR | NCREASED CHI LLER SI ZES

CHI LLER M N MOM  NAXI MUM
Sl ZE STORAGE ~ STORAGE
(kW (kWhrs)  (kWhrs)
0. 495 4.05 4.05
0. 500 3. 50 4.55
0. 600 2. 50 5. 45

STORAGE SELECTI ON ( EQUI PMENT)

Unfortunately, nmerely specifying the kWars (ton hrs) does not
adequately describe the anount of storage equi pnent required for
a particular application. The actual equi pnent sel ection nust
be capabl e of supplying the required kWars (ton hrs) at the
specified conditions and rates. All thermal storage tanks are
heat exchange devices and their performance depends on
paraneters that apply to all heat exchanger, such as the
tenperatures of the entering and |leaving fluids. The higher the
cool ant tenperature required fromstorage, the nore total
capacity is typically avail abl e.



Additionally, the performance of ice-based thermal storage

equi pnent usual ly depends on the anobunt of storage that has been
depleted. As water changes froma solid to a liquid, its

physi cal properties, including thermal conductivity, also
change. The ability of a secondary cool ant thermal storage
device to neet a particular load at a specific tenperature wll
gradual |y decrease as the storage is depleted.

Furthernore, the cooling |oad i nposed on the storage device is
rarely constant. In the typical partial storage application,
the chiller is constantly | oaded during the design day and the
storage handl es the renai ning, variable | oad.

Thi s conbi nation of variable |oading and gradually di m nishing
performance usually requires a nore detailed analysis in order
to determ ne the worst case conbination. Table 2 sinulates the
operation of the chiller and storage system as the design day
progresses. It can be seen that the avail able tenperature from
the storage systemreaches a nmaxi mumin hour 16. This is
nei t her the maxi mnum | oad hour, nor the hour of mninmumice
inventory, but it is the hour where the conbination of inventory
depl eti on and | oad have conbi ned for nmaxi mum i npact on storage
capacity. This worst case hour determ nes whether our equi pnent
selection is capable of providing the kWars (ton hrs) at the
proper conditions.

TABLE 2 SI MULATI ON OF STORAGE DI SCHARGE ( CHI LLER UPSTREAM

HOUR TYPE CHILLER REQUIRED AVAILABLE RETURN
EXIT STORAGE M NI MUM
TEMP (F) TEMP (F) TEMP (F) TEMP (F)

8 P 44. 8 43.0 32.1 51.1
9 P 46. 0 43.0 32.3 52.2
10 P 47. 2 43.0 32.7 53.4
11 P a7.7 43.0 33.2 54.0



12 P 49.5 43.0 35. 2 55. 7
13 P 50. 6 43.0 37.1 56. 8
14 P 51.8 43.0 39. 6 58. 0
15 P 50. 6 43.0 40. 3 56. 8
16 P 49.5 [ 43.0 | 41.4 | 55.7
17 P 44.3 43.0 40. 8 50. 5
18 P 43.1 43.0 40. 7 49.3

Conmputer analysis sinplifies this procedure, but it can be
acconpl i shed manual |y by accunul ati ng the anobunt of ice

di scharged for each hour and conparing it to manufacturer’s
performance data as represented in attachment A The

cal cul ati ons should be conpleted for at |east the peak | oad hour
and all subsequent hours of discharge. Usually, an initial
estimate is made for the correct anount of storage (i.e. nunber
of storage tanks), and the sinulation is executed in order to
determne if the estimate i s adequate for each of the hours.

The anpbunt of storage is increased or decreased as necessary
until the simulation either executes satisfactorily or fails to
nmeet the requirenents. The process is not as onerous as it
first appears because accurate and conpl ete perfornance charts
make the initial selection reasonably accurate. This procedure
al so enphasi zes why a specification of only kWhrs (ton-hours) or
| atent kWhrs (ton-hours) is inadequate to describe equi pment
performance. The appendi x contains a conplete sinulation
(Attachnment B). This simulation is in the basic format
suggested by ARI's GQuideline T [1], a nethod for specifying the
t hermal performance of cool storage equi pnent.

Al though the format of data presentation may differ, the design
engi neer should insist that all relevant paraneters are
represented. These include storage tank inlet and outl et
tenperatures, |oad and storage inventory.

OTHER ALTERNATI VES

Both the basic full and partial storage approaches have been
cal cul ated, but there are other alternatives that may be
appropriate for a particular application. The utility rate
structure often affects design decisions. In many parts of the
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country, for instance, on-peak periods are condensed into 4 or 6
hour segnments. In this case, designers often select a chiller

| arge enough to neet any of the off-peak |oads, even if they
shoul d occur during an occupi ed period, and then neet the entire
on-peak |load fromstorage. This often provides full storage
benefits at a reasonable cost. This approach is usel ess w thout
a properly structured utility rate.

Redundancy is al so sonetinmes a concern of the designer. An
option in this case is to operate two chillers in the ice-naking
node and only one during the occupied or on-peak periods. |If
one chiller should fail, the other chiller is still available to
make half of the normal conplinment of storage and contribute to
the |l oad during the day. The demand avoi dance is al so increased
beyond that available fromthe sinpler pure partial storage

met hod.

In calculating these alternatives the sanme procedure is used.
The total cooling load is equated to the total contribution of
the chiller, adjusted for each hour to account for its relative
capacity. For the two chiller approach, for instance, the ice-
maki ng rel ative capacity (lcecap) could be set to 1.3 for each
of the ice-making hours, assumng two chillers, each operating
at 65% of its base, or datum capacity. The daytine
contribution (Day cap) would be set to 1 or 100% of its base
rating. The result would equal the base rating for each of the
two chillers.

This method of assigning relative capacities for the principal
operating nodes of the chiller, and assigning themto the
appropriate hours, is useful for examning a wde variety of
options. However, it is inportant to renmenber that the
assunptions nmade regarding the operation of the chiller nmust be
accurate representations of how the systemw /|| operate. |If the
assunption is nmade that the chiller will be operating at ful

| oad, but in practice the chiller actually unloads, the system
sizing wll be inadequate. An exanple of how this can occur

will be discussed in a later section.

SUMVARY OF EQUI PMENT SELECTI ONS

In the precedi ng paragraphs a nunber of different options were
anal yzed and it mght be hel pful to sunmarize their inportant



features as well as the reasons one m ght be chosen over ot her
alternatives. In Table 3 the first colum represents the

equi pnent sizing for the cormmon and cost effective parti al
storage design. The chiller is approximtely 45% of the peak

| oad and the required storage is only about 40% of the total
desi gn day cooling | oad. Demand avoidance is limted to 55% of
t he peak cooling load but there is rarely a significant penalty
in first cost.

Table 3 SUMVARY OF EQUI PMENT SELECTI ONS
(ALL KW S ARE THERVAL)

M NI MUM FULL 2-CHI LLER 4 HOUR ON-
PARTI AL PARTI AL PEAK W NDOW
CH LLER kW . 445 . 934 . 603 . 65
AVO DED kW . 555 1.0 . 699 1
STORAGE Kwhr s 4. 05 8.5 5. 49 5.92
% BACKUP 0 0 68 0

Ful | storage requirenents are sumari zed in the second col um.
O course, the entire chiller demand is avoi ded, however the
chiller and storage sizing is nore than doubl ed over parti al
st or age.

The results for the 2-chiller option, described above, are
presented in the third colum. The chillers are approxi mately
.3 kWeach, with 5.5 kWhrs of storage capabl e of avoi ding about
70% of the chiller related demand. |If one of the chillers
should fail, the systemis still capable of supplying al nost 70%
of the total cooling capacity with no inpact on our denmand
savings. Miltiple chillers could also be selected for the
partial and full storage nethods, but the |evel of redundancy or
demand savings will be reduced.

The |l ast alternative discussed is for a situation where the
utility on-peak period has been conpressed into four hours.

Al t hough the chiller could be reduced to about .65 kW as
represented in the table, designers will often select a chiller
| arge enough to serve any |l oad that occurs during the occupied,
but of f-peak, period. 1In this case, the chiller wuld then be
.9 kW About 6 kWhrs of storage will avoid all of the on-peak
chiller demand, nmaking this an attractive approach where
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accommodated by the utility rate structure, such as parts of
Florida, Texas and California.

In each of these cases, it is inportant to assign the correct
capacity to the various chiller operating periods. This can
soneti mes be obscured by unusual |oad profiles. In rare cases,
for instance, the calculated chiller can be |arger than sone of
the actual loads. |If our original assunption assuned a fully

| oaded chiller for that particular period, the chiller and
storage selections will be incorrect. Properly executed
conputer analysis wll adjust for these anonalies, however it is
al ways recommended that the designer evaluate the control and
operating logic for different operating periods and for a

vari ety of | oads.

APPLI CATI ON
SERI ES ARRANGEMENT

Thermal storage systens provide substantial flexibility in the
ability to inpose cooling load on either the chiller or storage.
This flexibility, in turn, inposes added responsibility on the
designer to insure that the equipnent is being properly
utilized. Premature storage depletion, as well as underutilized
storage, result in |lost demand savings or unconfortable building
occupants.

In the foll ow ng discussions, a nodul ating valve that allows
flow to bypass the storage equi pnent is assunmed. This valve can
adj ust flow through storage in order to nmaintain assigned
tenperatures as well as prevent any di scharge of storage when
necessary. This is necessary because the tenperature avail abl e
fromthe storage device is variable, typically near 0C (32F) at
t he commencenent of discharge and gradual |y increasing

t hroughout the discharge period. If no blending valve were
used, and the storage systemwas permtted to provi de whatever
tenperature it was capable of, virtually all of the |oad could
be i nposed on storage and any pl anned contri bution of the
chiller would be absent.

In new installations the chiller and storage are often placed in

series. This arrangenent provides an effective and sinple neans
of control. Assunme that the chiller is upstreamof storage. |If
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both the chiller and nodul ati ng val ve control tenperatures are
set at the cooling supply tenperature the chiller will be fully
| oaded before the storage can contribute to the load. This
enforces control consistent with our partial storage sel ection
assunption of a fully |l oaded chiller during the entire discharge
peri od.

If, on the other hand, the chiller tenperature setpoint were
fixed at sone internedi ate val ue, storage would be conpelled to
provide at least a mninmumcontribution for every hour of | oad.
It is up to the designer to determine if this is consistent with
the original design intentions or the economcally preferred
met hod. On a design day, this control sequence may prematurely
di scharge storage, however during |ower | oad periods of the
year, it is a an effective nmeans of shifting a greater
proportion of the |load to storage and thereby further reducing
on- peak demand. By controlling the specific tenperature, or
demand Iimting the chiller, | oad can be proportioned between
the two conponents in any ratio desired.

Wth the chiller downstream of storage, setting the storage
nodul ati ng val ve control tenperature at the system supply
tenperature will conpletely deplete storage before the chiller
wll contribute to the load. This may be desirable during | ower
| oad periods when a full storage approach is possible and
beneficial, but at other tinmes will result in a totally

i nadequate cooling system Once again, an internedi ate val ue,
ei ther constant or variable, can be used to proportion load in
any desired rati o.

O her variations in series systemcontrol are |ogical extensions
of these discussions. |In any case, the nethod of control nust
be consistent with our original equipnment selection. It is
further suggested that the nethod of control be evaluated at a
variety of |loads. A control schenme that operates satisfactorily
at full load nmay be inadequate at part |oad. For instance, a
particular chiller tenperature setpoint may fully load a chiller
at peak load, but as the return tenperature falls with | ower

| oads, the chiller may not operate at full capacity. This may
or may not be advisable, but it is essential that it be
consistent wth our original design assunptions.

Series systens have other influences on our design. Because we
are typically working wwth chillers that are approxi mately half
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the size they would be in a conventional design, it is usually
unfeasible to design with conventional systemflow rates. For
this reason it is conmmon to expand the operating delta T's to 8
to 9C (14.4 to 16.2F). The resulting flowrate is usually
acceptable for both the discharge and ice-nmaking periods with
delta T's in the ice-making node of 2 to 4C (3.6 to 7.2F).

As di scussed, the arrangenent of conponents and control

met hodol ogy are interrelated with our original equipnent
selection. This interdependence extends to other areas as well.
By placing the chiller upstreamof storage, its operating
tenperatures will be elevated, possibly altering our original
estimate as to the relative chiller capacity. In this position,
the storage, however, wll be supplying | ower tenperatures and
may have di m ni shed capacity. This configuration was sinmul ated
in Table 2 where chiller leaving tenperatures are 7.2C (45F) to
11.1C (52F) but the required storage tenperature is 6.1C (43F).

| f we reverse the conponent |ocations by placing the chiller
downstream of storage, its capacity will be reduced but the
storage capacity wll be enhanced. Table 4 represents this
approach where the chiller nust now supply 6.1C (43F). The
required tenperature fromstorage has risen to 7.2C (49F) but
the same storage equi pnent selection is still capable of the
| oner tenperature. This indicates it would be possible to
reduce storage sizing without affecting the ability of the
systemto neet all of the cooling | ocads. Once again, the
system in execution, must be consistent with the original
desi gn assunptions regarding chiller capacity and operating
tenperatures of the individual conponents.

TABLE 4 SI MULATI ON OF STORAGE DI SCHARGE ( CHI LLER UPSTREAM

HOUR TYPE CHILLER REQU RED AVAI LABLE RETURN
EXIT STORAGE M NI MUM
TEMP (F) TEMP (F) TEMP (F) TEMP (F)

8 P 43.0 49. 2 32.1 51.1
9 P 43.0 49. 2 32.3 52.2
10 P 43.0 49. 2 32.7 53.4
11 P 43.0 49. 2 33.3 54.0
12 P 43.0 49. 2 34.4 55.7
13 P 43.0 49. 2 35.9 56. 8



14 P 43.0 49. 2 38. 4 58.0
15 P 43.0 49.2 39.3 56. 8
16 P 43.0 | 49.2 | 40.5 | 55.7
17 P 43.0 49. 2 39.4 50. 5
18 P 43.0 49. 2 39. 6 49. 3

PARALLEL ARRANGEMENT

Ei t her due to engineering preference, or to preexisting
conditions, a parallel equipnent arrangenent may be favored.
Paral l el arrangenents are usually conpatible with conventiona
systemflow rates and delta T's. The parallel arrangenent nust
revert to a series arrangenent during the ice-nmaking period when
the storage becones the load for the chiller.

In the parallel configuration both the chiller and storage have
the sane return (inlet) tenperatures. As the return tenperature
varies with the systemload, a constant chiller tenperature

setpoint will result in chiller unloading. In fact, using this
control approach, the chiller and storage will assune parti al
| oads in a constant proportion equal to that at full load. A

chiller that provides 50% of the peak load will continue to
supply 50% of part |oads. Once again, this is not necessarily
undesirable, but it nust be consistent wwth the original design
intention and sizing calculations. A wide variety of parallel
arrangenents are possi ble, each with advantages and

di sadvantages, but it is generally nore difficult to attain the
| evel of control flexibility possible in the series approach.
Additionally, neither the chiller nor storage benefit from

el evat ed operating tenperatures.

| CE- MAKI NG MODE

Chillers will typically be fully | oaded during the ice-making
process, and remain so until the storage is fully charged.

There m ght appear to be sonme benefit in unloading a chiller
while in this node, however there are usually practica

obstacles that prevent this option. Capacities are already
reduced due to the depressed cool ant tenperatures. Further
reductions in refrigerant flow usually cannot be confortably
accommodated by refrigerant control devices. Also, centrifuga
chillers, which can be excellent ice-nmaking machines, are forced
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closer to their surge limts by unloading. |In any case, the
desi gner should consult with the chiller manufacturer if
unl oading of the chiller in the ice-making node is contenpl at ed.

Loads that occur during the ice-nmaking period can be easily
accommodat ed, providing sone precautions are observed. Since
cool ant tenperatures wll be depressed, it nay be advisable to
include a nmeans of recirculation on the load loop in order to
tenper the fluid tenperature to nore reasonable levels. This is
absol utely inperative where heat exchangers are used to isolate
the storage systemfroma conventional chilled water |oop. A
protective tenperature sensor in the HX inlet is also advisable
in case of control mal function. This should be included whether
or not a load during ice-making is anticipated.

If the | oad exceeds the ice-nmaking capacity of the chiller, no
ice will be made, as the chiller leaving tenperature will rise
until the machine capacity matches the load. If the night |oad
exceeds 20 to 25% of the machine capacity, it is usually

advi sabl e to serve these |loads with a separate nachi ne operating
at standard tenperatures. This will be nore efficient as well as
operationally preferable. Al night |oads nust be included in
the original analysis if they are to served by the storage
systemchiller.

SUMVARY

In executing a thermal storage design, the proper consideration
of all factors is essential to success.

The utility rate structure and building |oad profile wll
determ ne the proper scheduling of the different operating
nodes. The duration of the different operating nodes affect the
total capacity capabilities and requirenments for both the
storage and chiller.

The utility rate structure, as well as the availability of any
incentives, wll define the acceptable Iimts of equi pnent
selection, i.e. partial or full storage. Al though full storage
w || have greater demand and energy cost savings, the tinme to
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recover the higher initial investnment may be unacceptabl e unl ess
t he on-peak period is abbreviated or incentives hel p support the
initial installation.

The rel ative position of the primary conponents affects the
capacities of those conponents. The designer can choose to

| ocate those conponents to either enhance chiller performance or
storage capacity. O, perhaps, sone other arrangenent wll be
necessary in order to conformto other systemrequirenents such
as flowrate limtations. Each of these configurations wll have
its own particular affect on equi pnent selection and control

met hodol ogy.

It is essential that the control sequence be consistent with the
assunptions made during our initial selection. Thernal storage
provides a unique |level of versatility in the approach to
nmeeting the cooling loads. This versatility inposes an added
responsibility to insure that the systemoperation is consistent
with the original design intentions. The inadvertent shifting
of load to either the storage or chiller can result in |ost

savi ngs or poor confort control. Proper anticipation of these
possibilities includes analysis of the control sequence at a
variety of different loads in addition to peak | oad.

Properly executed thermal storage designs have proven to be
versatile and effective energy cost managenent tools. As in any
HVAC system the application and operation nust be nust be
consistent with the design intentions.
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